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Abstract

Background: Syndrome Z represents the coexistence of obstructive sleep apnea (OSA) and metabolic
syndrome (MetS), a condition characterized by abdominal obesity, hypertension, dyslipidemia, insulin
resistance, and hyperglycemia. Despite its clinical importance, limited data exist on the prevalence of Syndrome
Z and its associated risk factors in the general population. OSA has been strongly linked to increased
cardiovascular morbidity and mortality, including coronary heart disease and stroke. However, it remains
unclear whether these risks are mediated by traditional cardiovascular risk factors or specific effects of OSA
itself.

Objective: This review explores the potential role of OSA as an independent cardiovascular risk factor. It also
examines the interaction between OSA and vascular risk factors, which may account for unexplained variance in
the incidence and severity of cardiovascular disease (CVD).

Key Findings: OSA is commonly associated with systemic hypertension, yet the causal relationship between
these conditions remains debated due to confounding factors such as obesity and aging. Evidence suggests that
OSA contributes to vascular dysfunction through mechanisms including intermittent hypoxia, oxidative stress,
systemic inflammation, and metabolic dysregulation. These processes may exacerbate components of MetS,
promoting a synergistic increase in CVD risk. Furthermore, OSA is prevalent in individuals with hypertension
and MetS, highlighting its potential role in amplifying cardiometabolic burden.

Conclusion: Syndrome Z underscores the complex interplay between OSA and MetS in driving cardiovascular
risk. Identifying and managing OSA in patients with MetS could mitigate its impact on CVD outcomes. Further
research is warranted to clarify causal pathways and inform targeted therapeutic strategies.

Keywords:  Obstructive sleep apnea, cardiovascular disease, metabolic syndrome, obesity, Systemic
hypertension, Obesity hypoventilation syndrome, BML
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Introduction

Syndrome Z is a clinical entity that describes the
interplay between obstructive sleep apnea (OSA)
and metabolic syndrome (MetS), a cluster of
vascular risk factors including hypertension, central
obesity, insulin resistance, and dyslipidemia. MetS,
also referred to as the insulin resistance syndrome,
is characterized by significant cardiovascular
morbidity and mortality.

Each component of MetS independently impacts an
individual's health; however, the combined effects
in Syndrome Z appear to be multiplicative rather
than merely additive. This synergistic interaction
significantly = amplifies  cardiovascular  risk,
underscoring the importance of understanding and
addressing Syndrome Z in clinical practice. OSA is
increasingly recognized as an independent risk
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factor for cardiovascular disease (CVD), beyond its
association with the components of MetS. It is
characterized by recurrent episodes of partial or
complete upper airway obstruction during sleep,
leading to intermittent hypoxemia, hypercapnia,
and sleep fragmentation. These pathophysiological
mechanisms contribute to systemic inflammation,
oxidative stress, endothelial dysfunction, and
activation of the sympathetic nervous system.
These processes not only exacerbate the individual
components of MetS but also establish OSA as a
potential driver of cardiovascular morbidity.

The prevalence of OSA is estimated to be
approximately 4%, while MetS affects about 20%
of the population. Despite this, the prevalence of
Syndrome Z in the general population remains
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poorly studied. The coexistence of OSA and MetS
creates a pathophysiological environment that
magnifies cardiovascular risk. [1] For instance,
OSA has been linked to systemic hypertension
through mechanisms such as increased sympathetic
activity, elevated levels of leptin and aldosterone,
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insulin resistance, and inflammatory  stress.
Similarly, obesity—a key component of MetS—
plays a pivotal role in OSA pathogenesis by
promoting pharyngeal airway narrowing due to
excess fat deposition in the neck and upper airway
structures. [2]

Table 1: Prevalence of Syndrome Z and Its Components\

Condition Prevalence (%) Key Findings
Obstructive Sleep Apnea | ~4% Strongly linked to cardiovascular morbidity and mortality.
Metabolic Syndrome ~20% Includes hypertension, obesity, dyslipidemia, and insulin
resistance.
Syndrome Z ~60% in high-risk | Represents the synergistic interaction of OSA and MetS,
populations amplifying vascular risk.

This table highlights the prevalence of obstructive
sleep apnea (OSA), metabolic syndrome (MetS),
and their interaction (Syndrome Z) based on
available studies.

Patients with morbid obesity often exhibit
overlapping features of obesity hypoventilation
syndrome (OHS) and OSA. OHS is characterized
by alveolar hypoventilation, hypercapnia, and
hypoxemia during wakefulness. These patients
frequently present with symptoms such as
excessive daytime sleepiness, loud snoring
described as "heroic" by partners, plethoric facies, a
short thick neck, and signs of right heart failure
including jugular venous distension and pedal

Obstructive sleep apnea(OSA)

2

edema. The coexistence of OSA further
exacerbates these clinical problems by contributing
to  nocturnal  hypoxemia and  systemic
inflammation.

OSA's contribution to hypertension has been well-
documented but remains complex due to
confounding factors such as age and obesity. While
systemic arterial hypertension is common in
patients with OSA, establishing a causal
relationship has been challenging. Nonetheless,
evidence suggests that intermittent hypoxia
associated with OSA triggers mechanisms such as
increased angiotensin II activity’ and oxidative
stress that promote vascular dysfunction.

Intermittent Hypoxia ¢€> Sympathetic Activation ¢> ROS Generation

™ v

Metabolic

Syndrome
(HTNHTN,

T~ v

Amplified Cardiovascular Risk in Syndrome Z
Figure 1: Interaction between OSA and Metabolic Syndrome in Syndrome Z

(The figure illustrates the bidirectional relationship
between OSA and MetS, emphasizing their
combined impact on cardiovascular health)

Given these interactions, screening for OSA in
individuals with MetS could provide substantial
health benefits by identifying high-risk patients
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who may benefit from early intervention.
Continuous positive airway pressure (CPAP)
therapy has been shown to improve several
components of MetS in patients with coexisting
OSA. For example, CPAP reduces blood pressure
levels and improves insulin sensitivity by
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mitigating intermittent hypoxia and restoring
normal sleep architecture.

Despite its clinical significance, Syndrome Z
remains underdiagnosed due to limited awareness
among healthcare providers and challenges in
identifying overlapping features of OSA and
MetS*. Pilot studies investigating its prevalence in
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hospital populations have provided valuable
insights but require further validation in larger
community-based cohorts. Understanding the
prevalence and impact of Syndrome Z will help
inform targeted screening strategies and therapeutic
interventions aimed at reducing its associated
cardiovascular burden.

Table 2: Pathophysiological Mechanisms Linking OSA to Metabolic Syndrome

Mechanism

Impact on Metabolic Syndrome

Intermittent Hypoxia

Promotes oxidative stress and systemic inflammation

Activation of Sympathetic Nervous System

Leads to hypertension and insulin resistance.

Generation of Reactive Oxygen Species (ROS) | Enhances endothelial dysfunction and vascular damage.

Adipokine Dysregulation Alters
complications.

lipid metabolism and promotes obesity-related

This table summarizes the mechanisms through
which OSA contributes to the development or
exacerbation of MetS components.

To sum it up all, Syndrome Z represents a critical
intersection between metabolic dysfunction and
sleep-disordered  breathing that significantly
elevates cardiovascular risk. Addressing this
condition requires an integrated approach that
combines early diagnosis with evidence-based
management strategies for both OSA and MetS.
Future research should focus on elucidating the
underlying mechanisms linking these conditions
and developing tailored interventions to mitigate
their combined impact on cardiovascular health.

Discussion

Syndrome Z refers to the coexistence of obstructive
sleep apnea (OSA) and metabolic syndrome
(MetS). Both conditions are characterized by
overlapping pathophysiological mechanisms that
significantly increase the risk of cardiovascular
disease (CVD). MetS, also known as "Syndrome
X," comprises a cluster of cardiovascular risk
factors, including hypertension, central obesity,
insulin  resistance, dyslipidemia (low HDL
cholesterol and  high triglycerides), and
hyperglycemia. OSA, a disorder marked by
repetitive episodes of upper airway obstruction
during sleep, shares many of these features. The
interaction between OSA and MetS creates a
synergistic environment that exacerbates systemic
inflammation, oxidative stress, and endothelial
dysfunction, thereby amplifying cardiovascular risk
[5.6].

Shared Pathophysiological Mechanisms

The clustering of cardiovascular mechanisms in
MetS and OSA is remarkably similar. Patients with
OSA frequently exhibit abnormalities in all core
components of MetS. These include elevated blood
pressure, increased fasting glucose levels, enlarged
waist circumference, low HDL cholesterol, and
elevated triglycerides. Additionally, OSA is
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associated with other features of MetS, such as
sympathetic nervous system activation, systemic
inflammation, hypercoagulability, and insulin
resistance.

This overlap has led to suggestions that OSA
should be formally integrated into the definition of
MetS, transforming it into "Syndrome Z." [7,8]

Role of Obesity in Syndrome Z [9]

Obesity serves as a critical link between OSA and
MetS. Excess visceral fat contributes to airway
narrowing and increased collapsibility,
predisposing individuals to OSA. Concurrently,
obesity exacerbates insulin resistance and
dyslipidemia, key components of MetS. Morbid
obesity is often associated with obesity
hypoventilation syndrome (OHS), which may
coexist with OSA. Patients with OHS exhibit
daytime hypoventilation, hypercapnia, hypoxemia,
and symptoms such as excessive daytime
sleepiness and loud snoring. Physical findings
include plethoric facies, short thick necks, small
oropharynges, and signs of right heart failure such
as jugular venous distension and pedal edema.

OSA as an Independent Cardiovascular Risk
Factor

OSA independently contributes to the development
of systemic arterial hypertension through several
mechanisms:

e  Sympathetic Nervous System
Activation: Recurrent  apneas lead to
intermittent  hypoxia and  hypercapnia,
triggering sympathetic overactivity.

e Hormonal Dysregulation: Elevated levels of
leptin, angiotensin II, aldosterone, and
inflammatory cytokines promote vascular
dysfunction.

o Oxidative Stress: Intermittent hypoxia
generates reactive oxygen species (ROS),
impairing endothelial function.
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e Insulin Resistance: Sleep  fragmentation
disrupts glucose metabolism and increases
insulin resistance.

These mechanisms not only worsen individual
components of MetS but also create a feedback
loop that perpetuates systemic inflammation and
metabolic derangements.

Epidemiological Evidence

Studies have demonstrated a strong association
between OSA severity (measured by the apnea-
hypopnea index) and markers of MetS such as body
mass index (BMI), blood glucose Ilevels,
triglycerides, leptin levels, and fibrinogen levels.
However, the relationship between OSA and some
metabolic markers (e.g., leptin) diminishes when
adjusted for obesity indices. This suggests that
while obesity plays a central role in Syndrome Z
pathogenesis, OSA exerts additional independent
effects on metabolic health. [10,28]

Gender Differences in Syndrome Z [11]

Hormonal factors may influence the interplay
between OSA and MetS. For example:

o Testosterone administration has been shown to
exacerbate OSA severity in men.

o Estrogen replacement therapy in
postmenopausal women appears protective
against the  development of  OSA.
These observations highlight the need for
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gender-specific  approaches to managing

Syndrome Z.
Clinical Implications

The coexistence of OSA and MetS poses
significant challenges for clinicians due to their
combined impact on cardiovascular outcomes.
Early identification and management of OSA in
patients with MetS could mitigate its contribution
to CVD risk. [12]

Continuous positive airway pressure (CPAP)
therapy has shown promise in improving blood
pressure control and insulin sensitivity in patients
with coexisting conditions.

Furthermore, lifestyle interventions targeting
weight loss can simultaneously reduce the severity
of both OSA and MetS.

Future Directions

Despite growing evidence linking OSA to MetS
and CVD, several gaps remain:

e The exact prevalence of Syndrome Z in
different populations is poorly understood.

o Longitudinal studies are needed to clarify
causal relationships between these conditions.

o Mechanistic research should focus on
identifying biomarkers that predict Syndrome
Z progression.

Table 3: Pathophysiological Links between OSA and Metabolic Syndrome

Mechanism Impact on Cardiometabolic Health

Intermittent Hypoxia Promotes oxidative stress and systemic inflammation.
Sympathetic Nervous | Increases blood pressure; worsens insulin resistance.
System Activation

Hormonal Dysregulation

Elevates leptin levels; promotes adiposity; increases aldosterone secretion.

Endothelial Dysfunction

Impairs vascular reactivity; promotes atherosclerosis.

Sleep Fragmentation Disrupts

imbalances.

glucose metabolism;

increases appetite-regulating hormone

Obesity
Hypoventilation
syndrome

?
. 4

OSA

Alveolar Hypoventilation [

way collapse }

Daytime Hypercapnia

3
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Figure 2: Overlap between Obesity Hypoventilation Syndrome (OHS) and Obstructive Sleep Apnea

(OSA)
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In brief, the clustering of obstructive sleep apnea
(OSA) with metabolic syndrome (MetS) in
Syndrome Z represents a significant public health
challenge due to their shared pathophysiology and
amplified cardiovascular risk.

Both conditions contribute independently to
systemic inflammation, oxidative stress, hormonal
dysregulation, endothelial  dysfunction, and
metabolic derangements. Addressing this overlap
requires an integrated approach combining early
diagnosis with targeted interventions such as CPAP
therapy and lifestyle modifications. Future research
should focus on elucidating causal pathways
linking these conditions while exploring gender-
specific differences in their presentation and
management.

Studies Design: Relationship between
Obstructive Sleep Apnea (OSA) and Metabolic
Syndrome (MetS)

The relationship between obstructive sleep apnea
(OSA) and metabolic syndrome (MetS) represents
a critical area of research due to their shared
pathophysiological mechanisms and their combined
impact on cardiovascular disease (CVD). MetS,
defined by a cluster of conditions including
abdominal obesity, hypertension, hyperglycemia,
hypertriglyceridemia, and low HDL cholesterol, is
highly prevalent in individuals with OSA [13,29].

Studies suggest that OSA exacerbates the
components of MetS through mechanisms such as
intermittent hypoxia, systemic inflammation, and
sympathetic nervous system activation. Conversely,
MetS may predispose individuals to OSA by
promoting obesity and airway collapsibility. This
bidirectional relationship creates a synergistic
environment that amplifies cardiovascular risk.
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Key Findings from Studies
1. Prevalence and Overlap:

e Coughlin et al. found that the prevalence of
MetS is approximately 40% higher in patients
with OSA compared to those without OSA,
even after controlling for obesity.

e A nationwide study in Korea revealed a strong
association between MetS and OSA, with
abdominal obesity and hypertriglyceridemia
being significant predictors.

o« NHANES data indicated that individuals with
a high risk of OSA were nearly five times
more likely to have severe MetS.

2. Pathophysiological Mechanisms:

e OSA contributes to hypertension through
sympathetic activation and increased levels of
angiotensin II and aldosterone.

e Elevated levels of inflammatory cytokines
such as tumor necrosis factor-o (TNF-a) and
interleukin-6 (IL-6) are observed in OSA
patients, promoting insulin resistance and
daytime sleepiness.

e Abdominal fat accumulation in OSA patients
correlates positively with apnea severity and
insulin resistance.

3. Impact of Treatment:

o Continuous positive airway pressure (CPAP)
therapy significantly reduces blood pressure,
improves insulin sensitivity, and lowers
plasma leptin levels in OSA patients [14]

e A prospective cohort study showed that
patients with coronary artery disease (CAD)
who accepted OSA therapy had one-third the
risk of major cardiovascular events compared
to untreated patients.

Table 4: Comparison of Key Findings across Studies

Study Key Findings

Population

Coughlin et al.

MetS prevalence 40% higher in OSA patients; obesity- | 61 OSA patients; 29 controls
adjusted analysis confirmed association.

NHANES 2015- | High OSA risk increased odds of severe MetS by ~5x; | 11,288 adults

2018 physical activity mitigated risks.

Korean Abdominal obesity and hypertriglyceridemia strongly | >10 million participants

Population Study | linked to OSA; adjusted for confounders.

Milleron et al.

CPAP therapy reduced cardiovascular event risk by two- | 54 ~CAD  patients  with
thirds in CAD patients with confirmed OSA.

polysomnography data

Baishya et al.

International Journal of Current Pharmaceutical Review and Research

519




International Journal of Current Pharmaceutical Review and Research

CPAP Therapy

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Figure 3: Impact of CPAP Therapy on Cardiometabolic outcomes

The studies reviewed provide compelling evidence
for the strong association between OSA and MetS.
Both conditions share overlapping mechanisms
such as systemic inflammation, oxidative stress,
hormonal dysregulation, and sympathetic nervous
system activation.

These mechanisms not only exacerbate individual
components of MetS but also contribute to a
heightened risk for cardiovascular diseases. [15]

OSA appears to act as both a driver and a
consequence of MetS. For instance:

o Repetitive nocturnal hypoxemia in OSA
promotes insulin resistance and hypertension.
[16]

o Abdominal obesity in MetS increases airway
collapsibility, predisposing individuals to
OSA. [17]

Treatment of OSA has demonstrated significant
benefits for cardiometabolic health. CPAP therapy
not only improves sleep quality but also addresses
key metabolic abnormalities such as hypertension
and insulin resistance.

These improvements translate into reduced
cardiovascular morbidity and mortality. [18]

However, several questions remain unanswered:

1. Does effective management of OSA reduce the
overall prevalence of MetS?

2. Is the cardiovascular risk posed by coexisting
OSA and MetS additive or synergistic?

3. Can ecarly screening for OSA in individuals
with MetS improve long-term outcomes?
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Future research should focus on longitudinal
studies to clarify these relationships further.
Additionally, integrating lifestyle interventions
such as weight loss and physical activity alongside
CPAP therapy could provide synergistic benefits
for managing both conditions.

To sum up it all, the coexistence of obstructive
sleep apnea (OSA) and metabolic syndrome (MetS)
creates a pathophysiological environment that
significantly increases the risk of cardiovascular
diseases. Evidence highlights the bidirectional
relationship between these conditions, with
overlapping mechanisms such as intermittent
hypoxia, systemic inflammation, and sympathetic
activation driving their progression.

Effective treatment strategies like CPAP therapy
can mitigate these risks by improving
cardiometabolic  parameters. Addressing this
interplay requires an integrated approach
combining lifestyle modifications, early diagnosis,
and targeted therapies to reduce the global burden
of cardiovascular disease associated with
Syndrome Z.

Conclusion

The interplay between obstructive sleep apnea
(OSA), metabolic syndrome (MetS), and
cardiovascular disease (CVD) highlights a complex
and multifaceted relationship with significant
clinical implications [19]. This review underscores
that MetS and OSA often coexist, forming a
synergistic pathophysiological environment that
amplifies the risk of cardiovascular morbidity and
mortality. The findings suggest that the progression
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of these conditions may vary depending on body
mass index (BMI). In individuals with normal
BMI, MetS may precede OSA, eventually
culminating in Syndrome Z. However, in those
with elevated BMI (>25 or >30)20, the independent
role of obesity complicates this progression, as it
contributes to both MetS and OSA directly.

OSA is closely linked to the cluster of
cardiovascular risk factors comprising MetS—
commonly referred to as "Syndrome X." [21]
Conversely, there is growing evidence that MetS
may predispose individuals to OSA, though this
reciprocal relationship remains to be definitively
proven. This bidirectional association should
prompt clinicians to consider screening for OSA in
patients presenting with hypertension, central
obesity, insulin resistance, or dyslipidemia.
Similarly, the presence of OSA should raise
suspicion for coexisting modifiable cardiovascular
risk factors.

Untreated OSA has been shown to contribute
independently to cardiovascular risk through
mechanisms such as intermittent hypoxia, oxidative
stress, systemic inflammation, and sympathetic
nervous system activation. [22] Effective treatment
of OSA using continuous positive airway pressure
(CPAP) therapy [23] mitigates many of these
adverse effects. CPAP has been demonstrated to
reduce recurrent episodes of nocturnal hypoxemia,
stabilize blood pressure levels, and improve insulin
sensitivity. These therapeutic benefits may lower
triglyceride levels and improve overall metabolic
health. However, CPAP has minimal impact on
weight or fat distribution, indicating that obesity
remains a persistent challenge in managing
Syndrome Z. [24]

Despite these advancements in understanding and
treating OSA, several questions remain unresolved.
It is unclear whether the improvements seen with
CPAP therapy are primarily due to reductions in
associated risk factors (e.g., hypertension and
insulin resistance) or the direct elimination of
hemodynamic and respiratory stresses caused by
untreated OSA. Further research is required to
delineate these contributions fully.

Currently, most patients with OSA receive
treatment primarily for symptomatic relief, such as
alleviating daytime sleepiness or fatigue. [25]
However, if a stronger causal link between OSA
and increased risk of heart disease or stroke is
established through future studies, the rationale for
treating OSA could shift toward prognostic
benefits. Such a shift would emphasize the
importance of early diagnosis and comprehensive
management of OSA as part of a broader strategy
to mitigate cardiovascular risk. [26] To finally
conclude, the interrelationship between OSA and
MetS represents a critical area for further
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investigation. Addressing this overlap through early
detection and targeted interventions could
significantly reduce the global burden of
cardiovascular disease. Future studies should focus
on longitudinal data to clarify causal pathways and
evaluate the long-term impact of integrated
treatment approaches on cardiovascular outcomes
in patients with Syndrome Z [27].
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